Abstract. The authors consider the nonautonomous cooperative system dxi/dt-Fi(t, Xl,... ,xn) (i 1,... ,n)
solution converges to a periodic (almost periodic) solution is important. Smith [16] generalized the result in [14] to the periodic case: the property (P2) holds. Nakajima [8] and Sell and Nakajima [12] studied the nonautonomous gross-substitute systems for which the property (P2) is true.
In this paper we study the periodic (almost periodic) cooperative systems with a general class of first integrals. For such systems, whether the property (P2) is true remains unknown. We conjecture here that such a property continued to hold.
We partially answer the above conjecture in this work. Under some conditions, we are able to show that this conjecture is indeed true. Our results generalize those of [8] and [12] . Without loss of generality, we concentrate our study on the almost periodic case.
We adapt the idea similar to that in [12] " by using a Lyapunov function, we show that any "positively compact" solution Of the above system (defined in 2) is asymptotically almost periodic. The first integral used in [8] and [12] is 'i1 xi, for which there are many properties which played a very important role in [8] and [12] .
But since we consider more general first integrals, these properties fail to be true. 
It is known that
describes a (local) skew-product flow on R x " [10] . A solution o(x, F, t) of (2.1) is said to be uniformly stable if it is defined for all t _> 0 and for every e > 0 there is a i =/i(e) > 0 such that (ii) V(x, y) 0 if and only if x y; (iii) limlx_ul_.+oo V(x, y) +o. Then we say that V is positively definite.
Io(x, F, T + t) o(y, F, T + t)l <_
We shall use the following lemma, which is easily verified. V+(x(t2),y(t2)) <_ V+(x(t),y(tl)). Let zi(tl) max{xi(tl),yi(tl)}, z(tl) (zl(tl),... ,zn(tl)), then z(tl) > y(tl) and z(t) > X(tl). Let z(t) (z(t),F,t-t) be a solution of (2.1), then (A1) and Kamke's theorem. (e.g., see [2] [3] [4] and [15] ) yield that z(t) >_ y(t) and z(t) >_ x(t) fort_>t, i.e., z(t) >_ max{x(t),y(t)} (max{xl(t),y(t)},... ,max{xn(t),yn(t)}) for t _> t. Thus, V+(z(t),y(t)) V(z(t),y(t)) H(z(t),... ,zn(t))-H(yl(t),... ,yn(t)) for t _> t. Since H is the first integral for F, we have (3.2) V(z(t),y(t)) V(z(tl),y(t)) V+(x(t),y(t)) for t _> t. Since z(t2) _> max{x(t2),y(t2)}, the assumption (A4) implies that (3.3) V(z(t2), y(t2)) _> V(max{x(t2), y(t2)}, y(t2)) V+(x(t2), y(t2)). By (3.2)and (3.3), (3.1) follows.
Similar arguments show that Y-(x(t2),y(t2)) <_ Y-(x(t),y(t.))
and the proof is thus completed.
Remark. Clearly, if V(x, y) defined above satisfies that limlz_ul_+o V(x, y) +cx3i then V is positively definite. If x(to) S(y(to)), then there is a 5 > 0 such that x(t) Sl(y(t)) for to -5 < t < to + 5. Hence, for t 6 (to 5, to + 5),
V(x(t), y(t)) H(yl (t), yn(t)) + H(xl (t),
2H(x (t), y2(t),..., yn(t)).
Since H(xl (t), xn(t)) H(yl (t),
OH(x (t), y2(t),..., y(t)) Fi(t, y (t),..., y(t)).
=2
Notice that
OH(x (t), y2(t),..., yn(t)) F(t,x(t), y2(t),..., yn(t)) OXl + OH(l(t),(t),... ,,(t))Fi(t,x(t),(t),... ,,( dV(x(t),y(t)) -20H(xl(t), y2(t),..., yn(t))
x (F(t,x(t),x2(t),... ,x(t))-F(t,x(t),y2(t),... ,y(t))) 2 E
OH(x (t), y2(t),..., yn(t)) i=2 Oyi (F(t, yl(t),y2(t),... ,y(t))-F(t,x(t),y2(t),... ,y(t))). Now assumption (A1) yields that dY(x(t),y(t)) <0.
E3 dt
For any two points x, y R=, which are not related, i.e., that x < y or y < x is not true, we always find a map P R R= such that Px S(y) for some k e {1,... ,n-1}.
Let T be the set of such maps. Since R n is finite dimensional, T is finite. Define
Vp(x, y) V(Px, Py) for P e T, Proof. Let &(t) qo(&, F, t) be a positively compact solution and f the w-limit set of the corresponding motion 7r(&, F, t) in R '. Let 12(F) {x e R_: (x, F) e f}.
Suppose f(F) contains more than one point. Let x0, y0 E f(F) with xo y0 and x(t) qo(xo, F, t), y(t) (yo, F, t) be the corresponding solution of (2.1).
Since x(t) and y(t) stay in a compact set in R_, they are defined for all t E R.
By Theorem 2.1, f is a distal set. Ellis's theorem [1] 
